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SECT. 11.-OTHER SELECTED PAPERS. 

(Paper No. 2489.) 

The Construction of the New Nadrai (Kali Nadi) Aqueduct, 
Ganges Canal.” 

By WILLIAM GOOD, M. Inst. C.E. 
THIS aqueduct carries the Lower  Ganges canal over the  Kali  Nadi 
stream. It was constructed  to  replace an older  work, an 
account of the  failure of which  was  published in the  Minutes 
of Proceedings, vol. xcv. p. 283. The  Paper  in  question also 
described the design  for the  new  aqueduct;  the present com- 
munication will  therefore  be confined to  an account of some 
modifications in that design, and  to a  description of the execution 
of the  existing work. (Plate 4, Figs. 1 to 6.) 

It was  intended  to  lay a flooring of concrete blocks 5 feet deep 
so as  to  limit scour in the river-channel to a depth of 10 feet below 
the river-bed. When, however, it was  found that  the  stratum of 
clay  which extended under  the whole site was  nowhere of a  less 
thickness  than 7 feet, and  was of a hard  and tenacious composition, 
the  sunken concrete flooring was omitted, and now the  clay  stratum 
is depended on to  stop erosion at  its  upper surface. The position 
of this  natural flooring is  fortunate,  lying  as it does 26 feet below 
the river-bed, and  about a similar  distance above the base of the 
wells. It allows an interval for scour, and, at the same time 
secures a sufficient depth of wells in the soil  when the floods are 
doing their worst. The  side  bays  and  front of the  river-wings 
are protected by a flooring of brickwork blocks 3 feet deep. This 
precaution was adopted with  the object of preventing percolation 
from the  canal  that  may follow deep scour in  the side bays. The 
above constitute  the chief modifications of design  made during 
construction. Minor alterations  will be more conveniently re- 
ferred  to further on. 

WELL-FOUNDATIOSS. (Plate 4, Figs. 5 and 6.) 

During  the  construction of the foundations, and especially 
during  the well-sinking, it was  ascertained that where  wells are 
so closely grouped, a looseness of soil round  them is produced, and 

L 2  

Downloaded by [ University of Liverpool] on [16/09/16]. Copyright © ICE Publishing, all rights reserved.



148 GOOD ON THE CONSTRUCTION OF NADRAI  AQUEDUCT. [Selected 

little dependence  can  be placed on side-friction as a  factor in  
bearing  the load. The aqueduct-wells never  attained  the con- 
dition of being  entirely  supported  by side-friction ; there was 
always some supporting soil under  the well-curbs while  they were 
being  sunk,  and therefore the  net amount of side-friction could not 
be  ascertained. It was however repeatedly proved to be less than 
12 cwt. per  square foot of skin-surface. Neglecting  then side- 
friction,  the pressure on the  foundations from the completed work 
and its full load of water is 4 tons on the  square foot. The  test- 
loads applied to seven of the wells after  they  had been hearted 
amounted  to a  pressure of 6 tons on the  square foot, and  the 
resulting subsidence was as follows :- 

Inch. 
Mean. . . . . . . . . . .  1 
Least . . . . . . . . .  ' 6  
Greatest . . . . . . . . . .  If 

A more detailed  statement of results is given in  Appendix A. 
Finding  the subsidence so small  the laborious and  obstructive 
process of test  loading  was discontinued. 

The  total  quantity of well-sinking  was 15,019 lineal feet, or 
nearly 3 miles. Of this, one-half was  through  the  sand  that over- 
lay  the clay, and  this was done with  the  greatest  facility by 
Bull's dredgers of 2& cubic  feet capacity,  worked by  hand power. 
The  plant  required for this  hand-sinking  was of the most simple 
description, and  sinking of from 1 to 2 feet per well per day  was 
easily  attained,  the  wells also going down quite plumb. The well- 
sinking  through  and below the  clay  stratum  amounted  to 7678 
feet, and was all done by steam-power, with  heavy dredgers or 
grabs. The wells may be divided  into  two cIasses, viz :- 

( a )  Wells of 20 feet  external, and 11 feet  internal diameter. 
( b )  Wells of 13 and 12 feet  external,  and 6 feet 4 inches and 

Each class required  its own plant,  and considering the  delay 
which  the  ordering of supplies from England  entails, it was 
obligatory to use the  sorts procurable in  India. 

For  sinking  the 20-foot wells through  the  clay  the  grabs  mainly 
used were  those of Mr. Jas. R. Bell, M. Inst. C.E. They weighed 
when  empty l& ton,  were of the nominal  contents of 40 cubic feet, 
and proved superior  to those of the same size of the  Bruce  and  Batho 
or Hodges patterns.  They were  worked by steam-hoists supplied 
by Messrs. Cowans, Sheldon & Co. of 5 tons power, weighing l1 
tons. This  weight of hoist is about  the  greatest  that can con- 
veniently be shifted,  but if  a large  grab  had been procurable, more 

6 feet 2 inches  internal  diameter respectively. 
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duty could have been got from the hoist. The  grab was  worked 
from a gantry erected on the well, and, as it was  necessary to 
give sufficient height for the  main  chain of the  grab  to  unwind 
itself without coming on to the  top pulley, each gantry was 
32 feet  high and weighed about 7 tons. These gantries proved 
very  unwieldy where  such frequent  shiftings  in a small space were 
necessary. Fig. l ,  page 150, shows the  gantry  and  grab  at work. 

For  sinking  the 1 2  and 13 foot wells through clay, the 10-cubic 
foot Bell grab  was  at first used;  but  this  proving inefficient, 
the 25-foot size was tried at  Mr.  Bell’s suggestion, and  this, it was 
found, did four  times the work. This  latter  grab weighed, when 
empty, a little less than 1 ton, had a maximum splay of 5 feet 
8 inches, and worked freely enough in wells of 6 feet 2 inches 
internal diameter. The hoists  were of the 24-ton power, by Alley 
and MLellan, and weighed about 2 tons each. For  this size of 
well the  gantry was about 25 feet high, weighed about 2 tons, and 
was  shifted  with ease. 

The  dredging  by steam power was started immediately the well- 
curb reached the  clay  stratum,  the well being  then  about 27 feet in  
soil, and weighted  as will be described below. The  average  time 
taken  to excavate or dredge  through  the  clay  was  at  the  rate of 
twenty hours  continuous working  to  every 2 feet of thickness of 
the  stratum.  To  get  the  well  through, however, the  grab was 
kept  working  in  the lower sand until a further void of from 
6 to 12 feet deep, depending on the thickness of the clay,  was 
attained;  and, if by  this  time  the  well  had  not forced its way 
through,  the process of unwatering effected that end. So tenacious 
was the clay, that once the well-curb had  by proper weighting been 
seated on it, the  unwatering  did  not lead to ‘L blowing.” The 
well dropped suddenly through  the clay, and  generally  as much as 
10 feet. If  the  well was plumb  when it reached the clay, i t  went 
through  quite plumb, otherwise any divergence  was  exaggerated 
by  the drop, and correction afterwards was attained only with  the 
utmost difficulty. On account of the small interval ( 2  feet)  between 
them, it was found obligatory to sink  alternate  wells  through  the 
clay, then stop, and  sink  the  intermediate wells  to the final posi- 
tion (about 27 feet) before returning  to  the wells  first commenced. 
This process led  to  frequent delays and shiftings of the  plant ; but 
the  result  in  the accuracy of position of wells was very satisfactory. 
This  will be seen from the record plan of the wells of pier No. 1 
(Plate 4, Figs. 5 and S), and i t  may also be stated  that  in only 
one or two cases does any one of the  two  hundred  and  sixty-eight 
wells touch  another. 
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Fig. 1. 
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A careful  account was kept of the  working of the  well-sinking 
plant,  and  the following general conclusions were arrived  at :- 

( U )  The hoists worked 51 per cent. of the  total possible time ; 
losing  the  rest  in  being shifted, being  under repairs, or in oonse- 
quence of the  well-sinking  gear going wrong. 

( b )  The  average of many observations showed that  the  time 
required for each foot of sinking  was  as follows :- 

2O-FOOT WELLS. 
Hours. 

With a 40-cubic-foot grab . . . . . . . . .  6 . 1 

13- AND 12-FOOT  WELLS. 

With a 25-cubic-foot grab . . . . . . . . .  6 . 3 
. . . . . . . . .  >, 10 ,, ,7 27.0 

Here  the  advantage of using  the  largest sized dredgers  that  will 
work in  a well  at once appears ; and  the only limit  to  this  is  the 
size of hoist, which should not be greater  than can conveniently be 
shifted. Besides the  weighting,  the  other provisions which give 
quick and satisfactory  sinking  are :- 

(l) Provision of spare  wearing  parts for the hoists, grabs, and 
pulleys. 

( 2 )  Use of hoists with  barrels of 2 feet  or more in  diameter  to 
avoid wear  and  tear of wire-rope. 

(3) A liberal bonus on the  result  to  the well-sinkers. 
The  weighting of the wells, previous to  sinking  them  through 

the clay,  was proved to be one of the most important operations. 
A fully  weighted  well  sinks  quickly, does not “blow,” and  gets 
thoroughly bedded into  the sand in its ultimate position. The 
weights used for  the  aqueduct wells  were as follows ; after  allowing 
for displacement of water : 

For a well of 20 feet diameter 525 
Tons. . . . . . . .  . . . . . . .  0 ,, 12 ,, ,, 175 

Neglecting side-friction,  these several  weights  were  equivalent 
to  the following loads per square foot on the  greatest horizontal 
sectional area of the well-curb :- 

Tons. 
For a well  of 20 feet  diameter . . . . . . .  3 . 6  

. . . . . . .  ,, ,, 12 ,, ,, 3 .5  

or  nearly  the  ultimate load of 4 tons. The  weighting tended  to 
increase as  the work proceeded, and where  cheaper  loading material 
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time, and space  were  available, the  weighting  might  be appreciably 
increased with  advantage. 

The final  cost of the well-sinking  was  as follows, taking  the 
rupee  as  equivalent to  Is. 6d., as  is done  for all prices in  this Paper. 
The  amount (515,960)  paid  for the purchase of hoists,  gantries, 
grabs, and pulleys, is  not included, nor have the proceeds of sales 
of this  plant been  credited to  the sub-head. It should  also be 
remembered that,  although these  results  were  obtained over large 
quantities,  the  work was  characterized by close grouping of the 
piers  and wells, and costliness of weighting  material  that enhanced 
the expense. 

HAND-SINKING THROUGH 28 FEET OF UPPER SAND. 
5 S. d. 

Wellsof 20 feetdiameter per foot. . . . . . 0 15 0 
,, 12 and 13  feet diameter per foot. . . . 0 10 6 

SINKING BY STEAM-POWER THROUGH THE CLAY AND THROUGH THE SAND UNDER- 
LYING THE CLAY, IN ALL ABOUT 28 FEET DEEP, PER LINEAL FOOT. 

Cost of weighting . . . . . 
,, shifting  plant . . . . 
,, dredging. . . . . . 

Cost of ropes, spars, diving  and 
unwatering gear. Hutting  the 
workpeople  and electric  lighting 

Total rates for sinking  in clay. . 

For Wells of 12 and 13 Feet 
Diameter. 

10-Foot Grab. 1 Worked by a  Worked by a 
25-Foot Grab. 

0 1 3  9 
~ 0 1 3  9 

€ S. d. € S. d. 

0 4 6  0 4 6  
3  6 0 1 0 1 8  4 

0 7 8 1  4 11 11 0 6 3  2 2 10 

Wells of 20 Feet 
iiameter, worked 
by a 40-Cubic- 

Foot Grab. 

€ S. d. 
1 5 1  
0 8 4  
l 1 6  0 

0 1 2  0 

4 1 5  

Combining the expense of sinking  through  sand  and  sinking 
through  clay,  the mean rates  are as follows, per lineal foot :- 

For  5,643  lineal  feet of 20-foot wells . . . . . . 2 S 5 
S S. d. 

,, 9,376 ,, ,, 12-  and 13-fOOt wells . . . . 1  14 7 

The  hand  dredging was commenced in  May 1886, the steam 
dredging  in  February 1887, and  the whole  was  completed in May 
1888, or at  the  rate of 24 lineal  feet  per  working day. The  largest 
quantities  executed in any one month were 1,349 lineal  feet of 
mixed sinking  in  July 1887, and 1,089 lineal  feet of sinking 
through  clay alone in February 1888. Messrs. W, B. Gordon and 
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C. H. Hutton, Assoc. MM. Inst. C.E., were,  each in  his  turn,  in 
charge of the  well-sinking work, 

The well-curbs are of  wood, which  was  got  from  the  forests of 
the Kumaon  Babar  as the only place where  sufficiently large 
scantlings could be obtained. A good deal of time  was  saved  by 
using wood instead of iron, and even the 20-foot diameter  curbs 
were  sufficiently stiff. The  rectangular  scantlings of  wood were 
swung on a  specially  devised  table, and  cut  by band saws, so as  to 
fit accurately  into  their places in  the curb. The  usual  crating 
of vertical  iron  bars,  about 6 feet  apart, connecting the 
well-curb to  the brickwork steining of well to  the top,  and 
horizontal rings of iron  plates  binding  the  brickwork  cylinder 
together a t  8 feet  intervals in  height, was built  into  the  thickness 
of well-cylinder. The cost of this  crating  is included in  that of 
the well-curbs. 

The  bricks  and  lime for the  brickwork, of which the aqueduct is 
mainly  built,  were  manufactured  specially  for  the  work,  and  close 
to the site.  The  bricks  are red in colour, stand  a  tensile  strain of 
396 lbs., and a compressive strain of 1,230 lbs. per  square  inch. 
The  lime was  made  from kunkur,  a  material  which  is  very easily 
procured all over Northern  India.  The  average composition of 
that used a t  Nadrai  was :- 

Carbonate of lime . . . . . . . . .  48.5 
,, magnesia . . . . . . . .  3.0 

Iron . . . . . . . . . . . . .  2.0 
Clay. . . . . . . . . . . . .  13.0 
Sand . . . . . . . . . . . .  33.5 

100.0 
- 

The  kunkur was  broken to pass through  a  ring of 14-inch 
diameter  with  the object of freeing its coralline interior from  sand 
as much as possible, and was  afterwards  burnt  in continuous kilns 
with  coal;  the  burnt  kunkur comes out  as  hard  as  ordinary  chalk. 
It was then reduced in  an F-size Lucop’s pulverizer so as  to pass 
through a screen of 6 meshes, and  where  specially good lime  was 
required, of 10 meshes to  the  lineal inch. The mortar  was all pre- 
pared in pan  mills  worked by steam, and for the permanent  brick- 
work  was  not  mixed with sand or foreign  material of any  kind. 
The results of experiments made with it may be summarized  as 
follows. After  twelve  months the  mortar  stands  nearly as high 
tensile  strain,  and  after  six  months  nearly  as  high  compressive  strain, 
as  the bricks bear. The adhesive strength of the  mortar to  the 
bricks  amounts  to  only  one-sixth of the  tenacity or cohesive strength 
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of the  mortar itself. The maximum stress at  the crown of main 
arches, neglecting  the concrete  backing, is 200 lbs. per  square  inch, 
while  slabs of the  mortar used require 1,100 lbs., and of the  bricks 
1,230 lbs. to  crush  them ; therefore, a factor of safety of between 
5 and 6 is here obtained. The stress at  the crown of the arch, just 
after  the  centre was struck, was 90 lbs., while  the  mortar  at  that 
age  (4  days)  begins  to  shale  at 240 lbs. 

The following were the final rates for materials  and brickwork :- 
S. 

Coal after carriage of nearly 500 miles by rail, per ton . . 30.0 
Raw kunkur fit to load in kilns, per cubic yard . . . . 2.43 
Ground lime, including cost of storing a supply for monsoon] 1o 

8eason, per cubic yard . . . . . . . . . . . 
Bricks of size 98 X 4a X Zj, including carriage by rail 6 miles} 18. 

to the works, and 1055 on breakages . . . . . . . 
Brickwork, including that  in main  arches, including also‘ 

cost of all scaffolding, but excluding centerings, per cubic 12 * 1 
y a r d .  . . . . . . . . . . . . . . . j  

COMPOSITION OF CONCRETE USED. 

It was  originally  intended  that  the  hearting of the wells  should 
be of concrete composed of 25 parts  ballast, 3 parts sand, 6 parts 
lime ; and in order that  the  filling should be done ‘‘ in  the dry,” 
it was proposed to follow the procedure successfully carried  out 
on the Narora Weir Works, of skipping a plug of rich cement 
concrete into  the bottom of the wells. As soon as this  plug  had 
had  time  to  set,  the  well  was  to be  pumped dry,  and  the  main 
portion of the concrete laid  and consolidated. In the case of the 
aqueduct, however, the  weight on the  foundations  was considerable, 
and it was necessary to  guard  against  any subsidence, so that it 
was of paramount  importance  to secure  a thorough  bedding of the 
concrete around, and  if necessary, under,  the base of the wells. It 
was considered that  this could be best effected by lowering 
the whole mass as  quickly as possible, so that  the  weight of the 
material  in a plastic  state  might compress its lower  layers, and 
thus secure a thorough  filling of all spaces, and assist the  setting 
of the concrete. This decision necessitated that it should  be 
lowered through  the  water,  and  therefore  that it should be of a 
different composition from that above  described. In concrete 
where  ballast  is in  excess, the  lime  is  apt  to be  washed  out, and 
a large proportion of it killed.” To  prevent  this  the use of 
sand in  larger proportions  was  suggested by Mr. Beresford, super- 
intending engineer. Experiments proved that- 

(l) Sand  concrete was  distinctly superior to  ballast concrete of 
about  the same cost. 

Downloaded by [ University of Liverpool] on [16/09/16]. Copyright © ICE Publishing, all rights reserved.



Papers.] GOOD ON THE CONSTRUCTION OF NADRAI AQUEDUCT. 155 

(2) I n  sand concrete the decrease in  strength  with a  smaller 

(3) Concrete laid  under  water  when it cannot be consolidated 

The composition of the concrete actually used in the  hearting 

(U) The lowest 10 feet consisted of sand concrete composed of 1 

( b )  The  next 3 feet of pure  lime mortar. 
(c) The  next 35 feet (to the  top of the well) of ballast concrete, 

composed of 1 part  sand concrete as in  (U)! above, and 1 part of 
14-inch gauge  brick ballast. 

The 3 feet of pure  lime  mortar was put  in  to  prevent  springs 
rising  through  the sand concrete, as  the tops of the wells in  their 
final position  were about  10  feet below spring-level. The  ballast 
was  added to  the  upper  portion because there was  a large  quantity 
of this  material on hand, and the proportion used was so moderate 
that it could not affect the  strength,  while it reduced the cost. The 
sand employed was of the  ordinary  small  grey  variety  found  in most 
Indian rivers. It was mixed dry  with  the lime, and  then made 
into  mortar  with  the smallest possible proportion of water  in a 
roller-mill worked by steam. The concrete was lowered in  skips 
of 18 cubic  feet  capacity by steam-power. The  skips were 
specially  designed  to  work with one rope, and  to  part  with  the 
material bodily on reaching  the bottom. The concrete was all 
deposited in  the  middle of the well, and so great  was its dis- 
tributive  properties  that soundings at  the sides of the well  were 
never more than 9 inches greater  than over the middle. 

The cost of the different sorts of concrete used was  as follows per 
cubic  yard :- 

proportion of lime than l of lime to 2 of sand  was very marked. 

sets much harder when subjected to a steady pressure. 

of the  wells was  as follows (Plate 4, Fig. 6) :- 

part lime to 2 parts sand. 

S. 

Sand concrete . . . . . . . . .  7.71 
Pure mortar plug . . . . . . . .  15.65 
Ballast concrete . . . . . . . . .  6.70 

ARCHED SUPERSTRUCTURE (Plate 4, Fig. 2). 

The  main arches cover an area of over 3 acres and  weigh over 
30,000 tons. In devising  centering for such  an  extent of arch- 
work, advantage  was  taken of the  aqueduct arches being divided 
into  three groups, of five arches each, by abutment-piers, to work 
on one group of five arches only at  the time. Moreover the  width 
of arches  (148- 7 feet)  being  great, a further  saving of centering 
was  attained  by  splitting  the arches up  longitudinally. In  this 
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way  the  central  group of five arches  is divided up longitudinally 
into  three sections of v feet  wide ; and,  progress having been 
found too slow, the centerings  were  extended,  and  the  side  groups 
arched in two  sections of feet. The  centerings  as extended 
measured  horizontally 75 feet by 60 feet,  and  were moved on 
wheels  from  section to  section, and from  group  to  group. For this 
purpose  a very complete  system of tramways  and  pulleys was  laid 
down from  spare  plant,  and the  result was that  the arches  were 
built  in one hundred  and  seventy-six days, of which  twenty-five 
days only were spent on the  six  shiftings of the centerings. 

The arches  were  allowed  to  rest  from  three to four days  before 
the  centerings  were  struck,  and  the subsidence at  the crown 
immediately  after the  striking was  as follows :- 

Inch. 
Mean of all arches . . . . . . . . .  0.3 

Least 
Greatest ,, 0 .6  

,, . . . . . . . . .  0.04 
. . . . . . . . .  

After  about  nine  days  the  arches had sunk  an  additional 0.10 inch, 
and  then ceased sinking  altogether. 

Adjoining  sections of arch-work  were  connected  by  a cover strip 
(a, Fig. 2), arched  over after  the  underlying  arches  had  fully 
subsided. 

Fig. 2. 

The hollow  spandrels in  the body of the work,  and the  subway 
under  the wide  roadway of the  left  bank  greatly lessen the load 
on the  main arches,  and to some extent also the load  on the 
foundation. Access to  the  interior of these  hollow  spandrels is 
obtained  from the  subway on the  left  canal  bank,  and at  each 
abutment  and  abutment  pier  there  is  a passage across from one 
canal  bank to  the  other,  througb these  hollow  spandrels. The 
whole of the  interior work is therefore  open to inspection. 

PROVISIOX AGAINST LEAES. 

To  prevent subsidence and leaks  from the  earthen embankment 
of the canal  channel, the back of the  abutment  and  land-wings is 
strongly protected with clay  puddle down to 4 feet below the main- 
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bed, and a  row of sheet-piling 44 inches thick closes the spaces 
between the  well  both of the  abutment  and  river-wings to  a depth 
of 19 feet below the same level. 

Provision against leaks from the  canal superpassage is secured 
by  rendering  the  internal faces of the revetment-walls on either 
bank, and  the canal-flooring to a  distance of 3  feet from the toe of 
side wall,  with plaster composed of Portland cement and  very 
finely  pulverized  brick in  equal portions. AS regards  the flooring 
itself, it should be stated  that before the  staunching medium  was 
laid, the bed of superpassage exposed to  view, alternately,  strips 
which  happen to have been of an  equal  length  (35 feet) measured 
along  the  centre  line of canal, and  all of the  full  width (130 feet) 
of superpassage. One strip exposed that  part of the covered 
surface of the extrados of a main  arch  that  lay 17& feet on either 
side of the  crown;  the  next  strip exposed a  horizontal  surface 
lying over the  haunching arches and level with  the extrados of 
these arches at  crown. The  least  depth of the  main arches was 

Fig. 3. 

32 feet, and  the  depth of the  haunching arches was 10 inches ; the 
height  to floor available for the  staunching medium  was 74 inches 
over  crown of the former, and 98 inches  over the  latter. Ex- 
periment showed that  with a  head of water  equivalent  to  the  full 
supply  in  the canal (8 feet) one coat of pure  kunkur lime  plaster, 
3 inch  thick, rendered either  arch  perfectly  watertight  if  the 
plaster  was  kept from cracking. Each of the above-mentioned 
strips  was  treated differently. The medium  over the crown of 
main arches consisted of concrete composed of selected well-burnt 
brick ballast,  broken  to $-inch gauge, and  ordinary  kunkur lime 
mortar-2 parts of the former to 1 of the latter-and with  the 
upper surface covered with & inch of plaster. On the  other hand, 
the  staunching medium  over the  haunching arches consisted of 
first 4 inch of lime  plaster, then 6 inches of good clay puddle, and a 
3-inch brick  laid  flat on the top. The concrete was connected 
with  the puddle-work as shown in Fig. 3. 

It was considered that  the  rigid concrete medium would give 
extra  support to  the main arches, while  the puddle-medium would 
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be more effectual in  preventing leakage in  the more exposed 
haunches. The  result  has been  a practically  watertight super- 
passage extending over 4 acres. 

PROTECTIHG-WORKS. 

After  the  embankment  had been  raised to its full  height  and 
water  admitted  into  the canal, it was  found necessary to build  up 
the protecting-blocks that  front  the  river-wings  to  the  height of 
the valley-surface. The  river-wings  had  shown  signs of weakness, 
due, it is believed, to the unfitness of circular well-foundations to 
carry  heavy  side pressure. 

In order that  the work might go on uninterruptedly  the  site 
was surrounded  by  an  embankment  to  keep  out floods ; and electric 
light  was  brought  into use when  the more important works,  such 
as well-sinking  and arch-work,  were in  progress. 

QJANTITIES AND COST. 

The following statement shows the  quantities of the  principal 
items of work done :- 

Description. 
1 Largest  Quantity 

done in any 1 One Month. 

Earthwork, wet and dry, cubic yards 
Clay puddle,  cubic yards . . . . 
Concrete . . .  
Brickwork . . .  
Well-sinking,  lineal  feet . . . . 
Bricks used. . . . . . . . 
Lime manufactured, cubic yards. . 

l 

l 
. ! 120,000 

. I 13,000 

1 I .. 

. i 6,000 
9,500 
1,389 : i  

* l  4,000 

done  altogether. 
Quantity 

--- 
3,700,000 

130,000 
40,000 

176,000 
15,019 

58,100,000 
58,000 

The  main  aqueduct cost 5210,536 ; the  subsidiary works 545,077 ; 
establishment 258,205; and  took  and  plant 551,600. After 
deducting  the proceeds of sales of plant  and  stores ($13,125) the 
net  total cost comes to 5352,293, being less than  the  estimate  by 
&22,618. 

The  work  was commenced in  September, 1885, and  was corn- 
pleted ready  to  carry a supply of water on the  5th of October, 1889, 
or  only  four  days beyond the  date  which  had been fixed for it when 
the  estimates were being framed four  years previously. 
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The design  and  a  complete  set of working  drawings  and  esti- 
mates  were  made by Colonel F. J. Home, R.E., and  his personal 
assistant, Mr. M. Nethersole. Messrs. A. J. Hughes  and J. S. 
Beresford  were the  Superintending  Engineers  longest i n  charge 
of the canal to which the aqueduct  belonged. The staff actually 
employed on the  work was  deputed  from the general  establish- 
ment of the local Irrigation  Branch.  The  Author was in  divisional 
charge  during  the  greater  portion of the  time  the  work was  under 
construction. In addition to  the sub-divisional officers already 
mentioned, the following  were  longest  engaged on the aqueduct :- 
Mr. W. A. Francken,  in  charge of workshops and  engines; Mr. 
N. E. Mackenzie, in  charge of materials; Mr. A. L. Webb  and 
Mr. A. C. Polwhele,  general duty;  Mr. G. E. Coles, in charge of 
records. 

The Paper is accompanied by  three  tracings on linen  and  a 
series of photographs,  from  which Plate 4 and the Figs. in  the 
text  have been  prepared. 
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